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(57) ABSTRACT

The present invention provides a LED driver for control the
brightness of the LED. An energy-transferred element and a
switch are connected in series with the LED for controlling
the current of the LED. A diode is coupled to the energy-
transferred element for freewheeling the energy of the
energy-transferred element through the LED. A control
circuit is developed to generate a control signal for switch-
ing the switch in response to the LED current. The LED
current is further adjusted in response to a voltage signal of
the LED. The value of the voltage signal is correlated to the
LED temperature. Therefore the LED current can be pro-
grammed in accordance with the LED temperature.

13 Claims, 5 Drawing Sheets
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1
SWITCHING LED DRIVER WITH
TEMPERATURE COMPENSATION TO
PROGRAM LED CURRENT

BACKGROUND OF THE INVENTION

1. Field of Invention

The present invention relates to a LED (light emission
diode) driver, and more particularly to a control circuit for
controlling the LED.

2. Description of Related Art

The LED driver is utilized to control the brightness of
LED in accordance with its characteristics. The LED driver
is utilized to control the current that flows through the LED.
A higher current increases the intensity of the brightness, but
decreases the life of the LED. FIG. 1 shows a traditional
circuit of the LED driver. The voltage source 10 is adjusted
to provide a current I, ., to the LEDs 20~25 through a
resistor 15. The current I; ., can be shown as equation (1):

M

V—Vrko—Vri—...=Vps
Ris

Iep =

wherein the Vo~V 5 are the forward voltage of the
LEDs 20~25 respectively.

The drawback of the LED driver shown in FIG. 1 is the
variation of the current I, . The current I ., is changed in
response to the change of the forward voltages of
V20~V s. The forward voltages of Vi~V s are not a
constant due to the variation of the production and operating
temperature. The second drawback of the LED driver shown
in FIG. 1 is the power loss occurred on the resistor 15.

FIG. 2 shows another traditional approach of the LED
driver. A current source 35 is connected in series with the
LEDs 20~25 to provide a constant current to the LEDs
20~25. However, the disadvantage of this circuit is the
power loss of the current source 35, particularly, as the
voltage source 30 is high and the LED voltage drops of
V .~ V25 are low. Besides, a chromaticity and a luminosity
of the LED are affected by the change of the LED’s
operating temperature. In order to keep the chromaticity
and/or the luminosity of the LED as a constant, the current
of the LED should be adjusted in response to the change of
the temperature. The major objective of the present inven-
tion is to provide a LED driver to achieve a higher efficiency.
The second objective of the present invention is to develop
a LED driver capable of compensating the influence of the
temperature.

SUMMARY OF THE INVENTION

The present invention provides a switching LED driver to
control the brightness of the LED. The LED driver com-
prises a magnetic device such as an energy-transferred
element connected in series with the LED, and a switch is
coupled in series to the LED and the energy-transferred
element for controlling a LED current. A control circuit is
coupled to generate a control signal in response to a voltage
signal of the LED and the LED current. A first resistor is
connected in series with the LED to sense the LED current
and generate a LED current signal coupled to the control
circuit. A diode is coupled to the LED and the energy-
transferred element for discharging the energy of the energy-
transferred element through the LED. The control signal is
utilized to control the switch and the LED current. Therefore
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the switch is turned off once the LED current is higher than
a first threshold, and the switch is turned on after a period of
a programmable delay time once the LED current is lower
than a second threshold. Besides, the first threshold is varied
in response to the voltage signal of the LED. The value of
the voltage signal shows a LED forward voltage that is
correlated to the LED temperature. Therefore the LED
current can be programmed to compensate the chromaticity
and the luminosity variations in accordance with the LED
temperature.

BRIEF DESCRIPTION OF ACCOMPANIED
DRAWINGS

The accompanying drawings are included to provide a
further understanding of the present invention, and are
incorporated in and constitute a part of this specification.
The drawings illustrate embodiments of the present inven-
tion and, together with the description, serve to explain the
principles of the present invention. In the drawings,

FIG. 1 shows a traditional LED driver;

FIG. 2 shows another traditional LED driver;

FIG. 3 shows a switching LED driver in accordance with
present invention;

FIGS. 4A and 4B shows a LED current waveforms in
accordance with present invention;

FIG. 5 shows a control circuit of the switching LED driver
in accordance with present invention;

FIG. 6 shows a delay circuit that controls the brightness
of LED in accordance with present invention;

FIG. 7 shows a sample circuit of the control circuit in
accordance with present invention;

FIG. 8 shows signal waveforms of the control circuit in
accordance with present invention; and

FIG. 9 shows a current adjust circuit in accordance with
present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 3 shows a switching LED driver in accordance with
present invention, in which an energy-transferred element
50 is coupled in series with the LEDs 20~25. A switch 70 is
coupled in series to the LEDs 20~25 and the energy-
transferred element 50 for controlling the LED current.
Through a first resistor 75, the LED current is further
converted to a current signal V¢ coupling to a control circuit
100. The control circuit 100 is further coupled to the LED to
receive a voltage signal of the LED. A diode 55 is coupled
to the LEDs 20~25 and the energy-transferred element 50.
Once the switch 70 is turned off, the energy of the energy-
transferred element 50 is discharged through the LEDs
20~25 and the diode 55. Meanwhile the control circuit 100
detects the forward voltage of the LED. The forward voltage
of the LED is decreased in proportion to the increase of the
LED temperature. Accordingly the voltage signal of the
LED shows the variation of the LED temperature. For
limiting the LED current, the switch 70 is turned off once the
LED current is higher than a first threshold V. The maxi-
mum LED current can be expressed as equation (2):

@

Vin = Vo — ... = Vias

XTon
Lsy

ILEDMAX) =
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where the L, is the inductance of the energy-transferred
element 50; T, is the on time of the switch 70.

FIGS. 4A and 4B show the LED current waveform 60, in
which the maximum value 65 of the first threshold V limits
the peak value of the LED current. The switch 70 is turned
on to enable the LED current in response to the current
signal V is lower than a second threshold V.. The LED
current is thus controlled as a triangle waveform. The
maximum value 65 of the first threshold V, determines the
average value of the LED current. Consequently the average
value of the LED current is controlled as a constant despite
the inductance variation of the energy-transferred element
50. Furthermore, the time delay T, is programmed to control
value of the LED current and the brightness of the LEDs
20~25.

The control circuit 100 is utilized to generate a control
signal V to control the switch 70 and the LED current in
response the LED current and the voltage signal of the LED.
In order to keep the chromaticity and the luminosity of the
LED as a constant, the LED current should be adjusted in
reference to the LED temperature. According to present
invention, the first threshold V and the voltage signal of the
LED are correlated to the LED current and the LED tem-
perature respectively. The first threshold V5 is controlled and
varied in response to the voltage signal of the LED for the
chromaticity and the luminosity compensation. Further-
more, for adapting various LEDs, a second resistor 59 is
coupled to the control circuit 100 to determine the slope of
the adjustment. The slope stands for ‘the change of the first
threshold V’ versus ‘the change of the voltage signal of the
LED’.

FIG. 5 shows a circuit schematic of the control circuit
100. The first threshold V is coupled to turn off the control
signal V; once the current signal V is higher than the first
threshold V. An enable signal V. is coupled to turn on the
control signal V 5 once the current signal V¢ is lower than the
second threshold V ;. The voltage signal V, is produced by
the voltage signal of the LED. A first control circuit includ-
ing an AND gate 180, an inverter 131 and a flip-flop 140
generate the control signal V; in response to a delay signal
INH and the enable signal V. The output of the AND gate
180 is connected to enable the flip-flop 140. The control
signal V is generated at the output of the flip-flop 140. A
second control circuit 115 is applied to disable the control
signal V; once the current signal V is higher than the first
threshold V. The output of the second control circuit 115 is
connected to disable the flip-flop 140. A delay circuit 200
generates the delay signal INH having the time delay T, in
response to the off-state of the control signal V. The delay
signal INH is connected to the input of the AND gate 180
through the inverter 131. The control signal V; is disabled
during the period of the time delay T,,. A sample circuit 300
is coupled to sample the voltage signal V,, and generate a
first-sampled signal V,,; and a second-sampled signal V.
A constant current I is supplied to a current adjust circuit
600 to generate the first threshold V. The first-sampled
signal V;, and the second-sampled signal V,, are connected
to the current adjust circuit 600 to program the value of the
first threshold V. A comparison circuit 110 is applied to
produce the enable signal V. once the current signal V is
lower than a second threshold V ;. The enable signal V. is
connected to the input of the AND gate 180 enabling the
control signal V.

FIG. 6 shows the delay circuit 200 that controls the
brightness of the LED. A constant current source 250 is
connected to an input terminal IN of the control circuit 100.
The input terminal IN is developed to program the bright-
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ness of the LED. A resistor connected from the input
terminal IN to ground and/or a control voltage V ., con-
nected to the input terminal IN will program the value of the
time delay T,,. A operational amplifier 210, a resistor 205,
transistors 220, 230 and 231 form a voltage-to-current
converter for generating a charge current at transistor 231 in
reference to the voltage at the input terminal IN. A transistor
270 is connected to discharge a capacitor 260. The input of
the transistor 270 is connected to the control signal V. The
charge current is coupled to charge the capacitor 260 in
response to the off-state of the control signal V. The input
of in inverter 280 is connected to the capacitor 260. The
output of the inverter 280 generates the delay signal INH.

FIG. 7 shows the sample circuit 300 of the control circuit
100. A pulse generator 350 generates a first pulse SMP1 and
a second pulse SMP2 in response to the current signal V,
the off-state of the control signal V; and the voltage signal
V. FIG. 8 shows the signal waveforms, in which the first
pulse SMP1 is produced after the control signal V. is in
off-state. A delay time T, ensures that the voltage signal V
is stable before enabling of the first pulse SMP1. A delay
time T, ensures that the second pulse SMP2 is produced
before the current signal V falling to zero. The first pulse
SMP1 and the second pulse SMP2 are coupled to control the
on/off-state of a switch 310 and a switch 311. The switch 310
and the switch 311 are coupled to sample the voltage signal
V, and generate the first-sampled signal V,;, and the sec-
ond-sampled signal V, on capacitors 315 and 317 respec-
tively. Therefore the first-sampled signal V,;; and the sec-
ond-sampled signal V,, represent a first forward voltage of
the LED and a second forward voltage of the LED in
response to a first LED current I, and a second LED current
1, respectively.

The current adjust circuit 600 is shown in FIG. 9. Opera-
tional amplifiers 610, 611 and resistors 620, 621 develop a
differential circuit. The first-sampled signal VH1 and the
second-sampled signal V,, are connected to the differential
circuit. The differential value of the first-sampled signal V
and the second-sampled signal V,, is produced at the output
of the operational amplifier 610. The output of the opera-
tional amplifier 610 is further coupled to the input of an
operational amplifier 615. The operational amplifier 615,
transistors 630~635 and the resistor 650 form another volt-
age-to-current converter to generate currents ;5 and Ig;5 in
proportion to the resistance of the resistor 59 and the
differential value of the first-sampled signal V,, and the
second-sampled signal V. A resistor 650 associated with
the constant current [, generates the first threshold VR. The
current I ;5 and the current I, are connected to the resistor
650 to adjust the first threshold VR. The first-sampled signal
V;n, and the second-sampled signal V,,, correspond to the
first forward voltage V, and the second forward voltage V.

The first forward voltage V, and the second forward
voltage V, correspond to the first LED current I, and the
second LED current I,. The current I, and I, are given by
equation (3) and (4):

I,=Igxe"™VVT 3)
L=Ixe"?"

Q)

where

_ kxTemp
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k is the Boltzmann’s constant; q is the charge on an electron;
and T,,,, is the absolute temperature. More, T,,,, is shown
as equation (5):

g Vi-V;

Temp = X ln(l_l) (5)
b

Forgoing equations show the LED temperature can be
accurately detected from the voltage signal V. The LED
temperature is further used for programming the LED cur-
rent and compensating the chromaticity and the luminosity
of the LED.

While the present invention has been particularly shown
and described with reference to preferred embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
present invention as defined by the appended claims.

What is claimed is:

1. A LED driver comprising:

an energy-transferred element, connected in series with a
LED;

a switch, coupled in series to the LED and the energy-
transferred element for controlling a LED current;

a control circuit, generating a control signal in response to
a voltage signal of the LED and the LED current;

a diode, coupled to the LED and the energy-transferred
element for discharging the energy of the energy-
transferred element through the LED;

a first resistor, connected in series with the LED to sense
the LED current and generate a LED current signal
coupled to the control circuit; and

a second resistor, connected to the control circuit to
determine a slope of the adjustment, in which the slope
represents the change of a first threshold versus the
change of the LED current of the LED;

wherein the control signal is used to control the switch
and the LED current, wherein the switch is turned off
once the LED current is higher than the first threshold,
and the first threshold is varied in response to the
voltage signal of the LED, and the switch is turned on
after a period of a programmable delay time once the
LED current is lower than a second threshold.

2. The LED driver as claimed in claim 1, the control

circuit comprising:

a first control circuit, enabling the control signal in
response to a delay signal and an enable signal;

a second control circuit, disabling the control signal once
the LED current signal is higher than the first threshold;

a comparison circuit, producing the enable signal once the
LED current signal is lower than the second threshold;

a delay circuit, generating the delay signal having the
programmable delay time in response to the off-state of
the control signal, in which the control signal is dis-
abled during the period of the programmable delay
time; and

a sample circuit, generating a first-sampled signal and a
second-sampled signal in response to the voltage signal
of the LED;

wherein the first-sampled signal and the second-sampled
signal are used to adjust the first threshold.

3. The LED driver as claimed in claim 2, wherein the

first-sampled signal and the second-sampled signal represent
a first forward voltage of the LED and a second forward
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voltage of the LED in response to a first LED current and a
second LED current respectively.

4. A LED driver comprising:

an energy-transferred element, connected in series with a
LED;

a switch, coupled in series to the LED and the energy-
transferred element for controlling a LED current;

a control circuit, generating a control signal in response to
a voltage signal of the LED and the LED current;

a diode, coupled to the LED and the energy-transferred
element for discharging the energy of the energy-
transferred element through the LED; and

a first resistor, connected in series with the LED to sense
the LED current and generate a LED current signal
coupled to the control circuit;

wherein the control signal is used to control the switch
and the LED current, wherein the switch is turned off
once the LED current is higher than a first threshold,
wherein the switch is turned on after the LED current
is lower than a second threshold.

5. The LED driver as claimed in claim 4, wherein the first
threshold is varied in response to the voltage signal of the
LED.

6. The LED driver as claimed in claim 4, further com-
prising a second resistor connected to the control circuit to
determine a slope of the adjustment, in which the slope
represents the change of the first threshold versus the change
of the LED current of the LED.

7. The LED driver as claimed in claim 4, the control
circuit comprising:

a first control circuit, enabling the control signal in

response to a delay signal, and an enable signal;

a second control circuit, disabling the control signal once
the LED current signal is higher than the first threshold;

a comparison circuit, producing the enable signal once the
LED current signal is lower than the second threshold;

a delay circuit, generating the delay signal having the
programmable delay time in response to the off-state of
the control signal; and

a sample circuit, generating a first-sampled signal and a
second-sampled signal in response to the voltage signal
of the LED;

wherein the first-sampled signal and the second-sampled
signal are used to adjust the first threshold.

8. The LED driver as claimed in claim 7, wherein the
first-sampled signal and the second-sampled signal represent
a first forward voltage of the LED and a second forward
voltage of the LED in response to a first LED current and a
second LED current respectively.

9. A LED driver comprising:

an energy-transferred element, connected in series with a
LED;

a switch, coupled in series to the LED and the energy-
transferred element for controlling a LED current;

a control circuit, generating a control signal in response to
a voltage signal of the LED and the LED current; and

a diode, coupled to the LED and the energy-transferred
element for discharging the energy of the energy-
transferred element through the LED;

wherein the control signal controls the switch and the
LED current, wherein the switch is turned off once the
LED current is higher than a first threshold.

10. The LED driver as claimed in claim 9, wherein the
first threshold is varied in response to the voltage signal of
the LED.

11. The LED driver as claimed in claim 9, further com-
prising:
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a first resistor, connected in series with the LED to sense a delay circuit, generating the delay signal having the
the LED current and generate a LED current signal programmable delay time in response to the off-state of
coupled to the control circuit; and the control signal; and
a second resistor, connected to the control circuit to a sample circuit, generating a first-sampled signal and a
determine a slope of the adjustment, in which the slope 5 second-sampled signal in response to the voltage signal
represents the change of the first threshold versus the of the LED;
change of the LED current of the LED. wherein the first-sampled signal and the second-sampled
12. The LED driver as claimed in claim 9, the control signal are used to adjust the values of the first threshold.
circuit comprising: 13. The LED driver as claimed in claim 12, wherein the
a first control circuit, enabling the control signal in 10 first-sampled signal and the second-sampled signal represent
response to a delay signal, and an enable signal; a first forward voltage of the LED and a second forward
a second control circuit, disabling the control signal once voltage of the LED in response to a first LED current and a

the LED current signal is higher than the first threshold; second LED current respectively.
a comparison circuit, producing the enable signal once the
LED current signal is lower than the second threshold; L



